ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) and heavy metals contribute to pollutants in aquaculture facilities and thus need to be further investigated. Besides, there is little information regarding PAHs and heavy metals in the tissues of cultured fish, and the risks associated to consumption. In this review, emphasis has been made on the detection of PAHs and heavy metals in cultured fish species which has relatively received little attention in the aquaculture industry compared to researches on the levels of PAHs and heavy metals from the wild catch. The review also focuses on the detection of PAHs and heavy metals in most of the feed ingredients commonly used in the formulation of feed for farmed fish species. The use of chemicals like antibiotics, feed additives, soil and water treatment and other products used in the aquaculture facility or site is also well emphasized and need to be well documented. Future research goals are well stressed and need to be given more attention in aquaculture. @JASEM
The global consumption of fish and derived fish products has generally increased during recent decades (Wim et al., 2007) due to change from animal protein to fish protein with reduced cholesterol levels. It has been predicted that fish consumption in developing countries will increase by 57 percent, from 62.7 million metric tons in 1997 to 98.6 million in 2020 (Delgado et al., 2003) . However, growing demand for aquatic products in both developing and developed countries has necessitated the need to maintain the present per capital supply of aquatic products in the future. Besides, practices such as environmental perturbations, overexploitation, dumping of agrochemicals and industrial pollutants, indiscriminate and destructive fishing practices in the aquatic systems not only reduces abundance and fish size but also poses health hazards to the consumers.
Massive amounts of domestic wastewater and industrial effluents are transported by rivers and discharged into the sea, contaminating rivers and coastal waters. Such anthropogenic pollutants are the main sources of heavy metal contaminants in the ocean (Lakshmanan et al., 2009) . Heavy metals carried down by effluents are usually mentioned (see Table 1 ) and has been the major threats for fish consumers and the effects on the contamination of fishing products becomes now a serious issue to be addressed. The metal contaminants in aquatic systems usually remain either in soluble or suspension form and finally tend to settle down to the bottom or are taken up by the organisms (Reddy et al., 2007) . Heavy metal contamination may have devastating effects on the ecological balance of the recipient environment and a diversity of aquatic organisms (Ashraj, 2005; Vosyliene and Jankaite, 2006) .
Fishes being one of the main aquatic organisms in the food chain may often accumulate large amounts of certain metals (Mansour and Sidky, 2002) . Among animal species, fishes are the inhabitants that cannot escape from the detrimental effects of these pollutants (Olaifa et al., 2004) . Moreover, it is worthy to note that these heavy metals accumulate in various tissues and organs of fish species, which in turn may enter into the human metabolism through consumption causing serious health hazards. Hence, this review was undertaken as a perspective on the status and challenges of polycyclic aromatic hydrocarbons (PAHs) and heavy metals in fish species in fish farms, which has relatively received little attention in aquaculture.
Polycyclic Aromatic Hydrocarbons (Pahs) And Heavy Metals Contamination In Cultured Fish:
Metal contamination in aquatic environments has received recently huge concern due to its toxicity, abundance and persistence in the marine environment, and subsequent accumulation in aquatic fauna and flora, which, in turn may enter into the human food chain and result in health problems (Heba, 2004) . On the other hand, it must be well emphasized that the aquaculture industries are also exposed to many chemical, biological and other pollutants and polycyclic aromatic hydrocarbons (PAHs) also contributed to pollutants in aquaculture facilities and thus need to be further investigated.
Polycyclic aromatic hydrocarbons (PAHs) are wide spread organic pollutant in the environment; are well known for their mutagenic and carcinogenic effects and bioaccumulate in animal and human tissue. The sources of PAHs are both from natural and anthropogenic mainly from incomplete combustion of organic materials, fossil fuel and petroleum (Liang et al, 2007) . PAHs can also form in meat cooked or fish smoked at high temperatures. For example, it was reported by few authors (Storelli et al., 2003; Barranco et al., 2004; Purcaro et al., 2006) that PAHs are found in substantial quantities in some foods, depending on the mode of cooking, preservation and storage. However, more research is needed in this area and need to be further investigated. Besides, there is little information regarding PAHs and heavy metals in the tissues of cultured fish, and the risks associated to consumption.
The only study conducted in cultured fish in Linggi estuary, Malaysia (Shahrizat, 2005) recorded high concentration of Pb and Cd in the tissue of cultured fish. In China, fish from aquaculture cages in coastal waters were analyzed for PAHs. Naphthalene and phenanthrene were detected in fish bile (Klumpp et al., 2002) . This is the scenario of PAHs detected in fishes from wild catch and also aquaculture. The concentrations of these elements are above than the permissible level set by the Malaysian Government. Concordantly, a study was designed to assess levels of exposure to metals, organochlorinated compounds, PAHs and alkylphenols (APEs) in farmed sea bass (Dicentrarchs labrax) from five aquacultures located in Southern Europe (Fernandes et al., 2008) . The research findings showed that pollutants exposure in farmed fish is similar to the levels reported in wild specimens from the area. On the other hand, it is worth noting that the absorption of metals in different fish species is to a large extent a function of their respective membrane permeability and enzyme system, which is highly species specifics and because of this fact different metals accumulated in different orders in different fish samples (Table 2) . However, future research work should focus more attention on PAHs and heavy metals most especially in the tissues of farmed fish, and the risks associated to consumption. According to Llobet et al (2006) , the main reason for concern following human exposure to these compounds is that several PAHs are carcinogenic. Various recent epidemiological studies have revealed that dietary exposure to PAHs is associated with an increased risk of some human cancers (Anderson et al., 2005; Purcaro et al., 2006) . Furthermore, it must be well emphasized that formulated feed is one of the main sources of PAHs in the aquaculture industries. For example, a recent investigation carried out (Wang et al., 2010) on the enrichment and sources of PAHs in mariculture sediments collected from six farms in Hong Kong and reference sites showed that moderately high ƩPAH 16 levels (123-947 ng g -1 , mean: 450 ng g -1 ) were found in the surface aquaculture sediments while the average enrichment percentage of total organic carbon (TOC) and PAHs in surface sediments were 21.4 and 43.8%, respectively, and in the core sediments, 24.6 and 73.7%, respectively. According to those authors (Wang et al., 2010) , the fish feeds might be the main source of the enriched PAHs in the aquaculture sediments. A recent survey conducted (Falcó et al., 2005) in which the concentrations of various chemical contaminants were determined in 11 groups of foodstuffs acquired in Catalonia (Spain) showed that the highest total concentrations of PAHs were found in cereals, meats, oils and fats, and fish and other sea food. Besides, researchers need to be aware of the fact that most of these foodstuffs (e.g. cereals), oils and fats and even fish or large amount of fishery by-products and by-catch that are produced annually as fish silage and shrimp meals are being used as feed ingredients in the formulation of feed in the aquaculture industry. From a toxicological point of view, future research efforts should focus on the concentration of PAHs in most of the feed ingredients commonly used in the formulation of feed for farmed fish. In addition, most of the chemicals like feed additives that are being used in the aquaculture industry need to be thoroughly investigated from a toxicological point of view. Future Research Goals: If we seriously aim at culturing and harvesting fish products that is safe for human consumption, conscious research efforts must focus on the following real and achievable research goals for future:
The levels of polycyclic aromatic hydrocarbons (PAHs) and heavy metals in cultured fish species need to be evaluated. In fact, most of the researches conducted focus more attention on the detection of PAHs and heavy metals from the wild catch (Pointet, 2000; Llobet et al., 2006; Liang et al, 2007; Lakshmanan et al., 2009) while relatively little attention is focused on the levels of PAHs and heavy metals in cultured fish species. In addition, PAHs and heavy metals concentrations in water, sediments and most importantly in the tissues and blood of farmed fish species from aquaculture fish ponds need to be thoroughly evaluated.
The quality of the fish (both wild catch and aquaculture) for human consumption and the health risks associated with the aquatic products need to be given more priority. The mutagenic and carcinogenic effects of PAHs on commercially important sea food products need to be thoroughly investigated. If possible, epidemiological studies on the dietary exposure to PAHs need to be conducted.
The chemicals like antibiotics, feed additives, soil and water treatment and other products used in the aquaculture facility or site need to be well documented.
From a toxicological point of view, most of the human aquaculture activities such as the use of chemicals like feed additives, antibiotics, soil and water treatment, etc need to be stressed and thoroughly investigated. Detection of heavy metals and PAHs in most of the feed ingredients commonly used in the formulation of feed for cultured fish species need to be evaluated.
Conclusion:
The studies carried out on various fishes have shown that heavy metals may alter the physiological activities and biochemical parameters both in tissues and in blood. It is also evident from this review that the study of the presence of polycyclic aromatic hydrocarbons (PAHs) and heavy metals in the aquaculture environment is of global importance because they play an important role in the cultured fish bioaccumulation of transfer of heavy metals especially when they passed on to human being through the consumption of fish and other aquatic products. However, more research is needed in this area. Interestingly, the accumulation of heavy metals in various tissues in most popular and commercially important fish species has been quantitatively studied.
On the other hand, it is worthy to note that little attention is focused on the reduction of anthropogenic pollutants such as industrial effluents, domestic sewage and mining wastes which are the main sources of heavy metal contaminants in the ocean. Concordantly, most of the human aquaculture activities such as the use of chemicals like feed additives, antibiotics, soil and water treatment need to be addressed and thoroughly investigated from a toxicological point of view. Most importantly, each Government agencies should ensure that the standard set to ensure that the concentrations of these elements are not above than the permissible level set is strictly adhered to.
